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SUMMARY

fih h thesecondpaper giving& .?wwh obtained in
t?u N. A. G?A. fiO~ootwind tunnel on the drag due to
landing gears. The jirs~paper pre8ented the resu.h%of
teetamude with ful-kde modek of wheele,wheelfairings,
and lunding gear8 intemikd for airplmux of approxi-
mately 57,000pmnui!e weight. The prewnt report givtx
the reed% of teet8of nonretractableand partly retractable
landing gears Mm&d for heavier low-wing mmw-
plan.tx of the trawport and bomber type.

The te8t8 were made on l/.%.8-8de modek of gears
with a eapaeity of 16,000 pounds total weight. The
liznding gears were mounted on a wing of 6$oot chord,
16#oot span, and thickne88 of fiO percent of tlw chord.
Th8 e$ect of a radiaL-en@w nacelle mounted in tti W
ing edge of the wing on the drag of the landing gears w
&o inveatigaled. Propeller tests were mad5 in conjunc-
t~n with 88vtT~typt%Ofb??hg gear8h 0rd8rtoatm?’-

tain tha e~ect of the lunding gears on the propeUer chaT-
aeteri8tie43,

The teete indicaied thu$ in general, the prewnee of the
engine nacelle did not appreeiubly aJeci the drq due to
the landing gear8. The retraotabL3landing geur8were at
l.emt ondu-lf retraeted into the wing or fairing before
the driq becamelea8than thut due to the best nonreiract-
able landing gear8. Landing gear8 that were partly
retraded into a mzcelleneax the maximum 8eetion or inio
the wing mar the leadi~ edge had a mwzh higher drag
thun landing gear8 that we partly retractedfarther afi
on th wing. The drag dw to 8&wnke wheek ueed on
partly retracted landing gear8W1231.es8thanthd for h
prewure wheels. Lznding gear8 thai were partly or
ftiy retracted into 8treandine fa&-ing8 below the wing
had o?dy81~htly greuter dr~ than those that were partly
retracted irdo the wing or nacelle. The propukive e#i-

. oiency w reducedfrom 1 to 3 percent by th prewnce
~f lunding gear8 tinted in oonjunetion with the propeller.

INTRODUCTION

As a result of intarest aroused by a previous report
on lrmding gears (reference 1), the program was ex-
tended to include teats on landing gears intended for

low-wing monoplanes
types.

AND / LANDING GEARS
LANDING GEARS

of the transport and bomber

Severid suitable types of gears that appeared prom-
ising in the original program were further investigated.
Also, gears intended to partly or fully retract into the
wing or into special fairings were tested when in the
landing condition as well as in the partly retracted
condition. Since airplanes of this type frequently
have engine nacelk built into the leading edge of the
wing in the same vertical plane as the gear, such a con-
dition was investigated for mutual interference be-
tween the nacelle and the gear as well as for the effect
of the gear on the aerodynamic charackistim of the
propeller.

The ohief purpose of the tests was to obtain com-
parative drag data betwean the most promising non-
retractable gears and the ptiy retractable gears, and
also to obtain quantitative information on the drag of
these various types of geara.

APPARATUS AND TESTS

The ~~foot fid tmel, ~ ~hich the ~t~ ~we

made, is described in reference 2. The standard ap-
paratus and test methods were used.

The landing gears were tested in the presence of a
15-foot span, 5-foot chord wing mounted in an inverted
position. This wing had been used in previous wing-
nacelle tests. The tests were run in two parts. In
the first part the landing gears were tested in the
presence of the wing alone; whereas in the second part
an engine nacelle w-asmounted in the leading edge of
the wing (fug. 1). Propeller teats -weremade in con-
junction with several types of landing gears. The
wing and nacelle are described in detail in reference 3.
The nacelle, which was of the N. A. C. A. cowled type,
was looated in the position B described in the same
reference.

The wing was assumed to be a section of a wing of a
16,000-pound low-wing monoplane scaled down to
1/2.8 size. The model wing thus represented a full-
scale wing having a chord of 14 feet and a thiolmess of
2.8 feet. The model radial engine, which was 20 ‘
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inches in diameter, therefore represented a fukcale
engine of 56 inches diameter.

Only half of each landing gear was tested. Each
unit -WCSmounted at the center of the span of the wing

PIQUEEl.–bmlfng gearA monntwfonwfngwith xracdk

section near the leading edge. The chordwise location
of the wheels when in the landing position was deter-
mined from an assumed center+f~vity location of
the complete airplane.

+ modelofthe41bylS.fC-16low-presmm whwl.

.

+ model of the 45-inchstmmlfne wbml.

~QU13B~~olld tiewsof k3w—DresTI19and skmdfne Wbd.%

A l/2.8-scsJe -woodenmodel of a 42 by 15.00-16 Iow--
pIWWM wheel was used for most of the teats. Some
of the tests were also made with a model of a 45-inoh
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streamline wheel. These wheels (fig. 2) how a load-
oarrying capacity of 8,000 pounds each, according to
reference 4.

The principal dimensions of the nonretractable lund-
ing gears (A, B, and C) are given in figures 3,4, and 6.

+.28”d M--5~”
FIGUEEZ-hmlfng &u A.

These sketches also show the geometric relation be-
tween the landing gear, wing, and mmelle (when the
nacelle ww in place). Two variations of lm.ding-gem
height were made, one being 24% inches and the other
30% inches. These values represent full-scale heights

==23+’--+”””—.

0, Small e~mdiq ++ -

%%-:?%””CiEfIT
puidiq
tillei%, I4 “dim d

“~

b, Longe ex- / ,,--iI>.\

FIQUEEL—Landing gearB.

of 69% inches and 86 inches, respectively. The sizes
of the structural members are believed to be consistent
with reasonable design requirements. The shapea and
sizes of the fairings and iillets were chosen from the
most promising rwdts of previous tests.

WKf+4

A cantilever half-fork landing gear (gear D, fig. 6)
w-aschosen as the baaic type to be used for all tests of
partly rehactable landing geam. The principal di-
mensions were the same as for the nonretractable types
except that none of the members was streamlined.
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Two methods of retmction were employed: Retraction
by dmwing the wheel vertically into the nacelle (when
rLnacelle was used), and retraction by swinging the
wheel rearward into the w@ or into special streamline
fairings. Dimensions of these fairings are given in
figures7 and 8.

.—. — -

Sectlbn

sectim -

~INJEE &-kmUnS gwrD.

In addition to the teats of the complete landing
gems, the low-pressure wheel was tested by its@f in
several chordwise locations on the wing alone and with
various degrees of retraction into the w-@. Both low-
pressure and streamline wheels were tested when
yawed various amounts. llntheseyaw tests the wheels

FIGURE7.—Lamllng SIX D retraotal into shanlIne Mrlng.

were located 50 percent of the chord from the leading
edge and were tested with the tires touching the lower
surface of the wing, and also with half of the wheels
retracted into the wing.

For part of the tests, lift and drag rewdin.g.gof the
complete set-up were measured at five air speeds,

.—. — -

/V=/5” T
—.—.

“ wing
. span

Gap . ‘15’0”
men.
taps
fumed in.

FIatmE 8.—Landing gear D my mtmobxl !IMCI~ faking.

ranging from 50 to 100 miles per hour, and at six
angles of attack ranging from –8° to 4.5°. It was
found that for the partly retracted landing gears the
lift was not dfected by the presence of the landing
gear; hence the lift readings were neglected for a part
of these tests. The aerodynamic characteristics of

71046-3_16

the wing and
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nacelle may be found in reference 3.
It should be noted that zero lift of the wing occurs
at an angle of attack of about —7.5° and that the
lift coefficient of the wing at 0° angle of attack is
0.366;

The measured lift was reduced to the usual coeffi-
cient, CL. The drag due to the landing gears in the
presence of the wing, or the wing and nacelle, was
assumed to be equal to the drag of the complete set-
up with the landing gear in place minus the drag of
the wing alone, or the wing plus nacelle as the case
might be. The drag di.iference, in pounds, at 100
des per hour was taken at constant values of lift
coefficient of the wing. The iinal drag results due
to the model landing gears are plotted against lift
coefficient.

Since the model was 1/2.8 full size, the drag of both
halves of the Ml-scale landing gears, neglecting scale
effect, would be:

V9

()2.81X2X ~ )(D, or 15.68
()

& ‘xD

where
V is velocity of full-scale airplane, miles per hour.
D is the drag of model lan+ng gear, pounds.
When applying the rewlts to similar landing gears

with dimensions di.ilering from those of the gears
investigated, reasonably close approximations may be
made by using the ratios of the projected areas of the
landing gears for the characteristic areas. Some judg-
ment should be exercised, however, in ripplying the
results to landing gears of different size and shape,
wpecially to those used on high-speed airplane-s.

The propeller characteristic-s are reduced to the
usual coefficients:

(&– W--&p cp=&
where

T is thrust of propeller (tension in shaft).
AD, increase in drag due to action of propeller.

n, revolutions per unit time.
D, propeller diameter.
P, motor power.

and

The results obtained in tests of landing gears and
wheelsmade in the presence of the wing without nacelle
are presented in ligures 9 to 16, inclusive: Nonretrac&
able types in iigges 9, 10, and 11; retractable types
in iigures 11 to 14, inclusive; of wheels in various
locations in figure 15; and wheelswith difEerentdegrees
of yaw in figure 16.

The results obtained from tests of landing gears and
wheels made in the presence of the wing and nacelle
are presented in iigures 17 to 25, inclusive: Nonre-
tractable landing gears in iigures 17, 18, and 19;
retractable landing gears in figures 19 to 22, inclusive;
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wheels in yaw, in figure 23; and the results of propeller
testsmade in conjunction with several Merent landing
gears in iigurcs 24 nnd 25.
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The fsired drng curves are believed to be nccurate
to within one-half pound. For the low-drag landing
gem-athis represents a”relatively high percentage of
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number of tests were made on land~ gears with only
slight change+ it was possible to improve the accuracy
by fairing at one time a series of curves for one type
of landing gear. The rcmdts are considered sticiently
accurate for comparative purposes and should give
fairly close approximations when applied to full-scale
airplanes. The faired lift curves are considered correct
within +1 percent at 0° angle of attack.

The thrust and power coefficients are thought to be
cmrect within +1 percent over the greater portion of
the curves, while the propulsive eiiiciency is believed
to be correct within +2 percent.
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DISCUSSION

LANDING GEARS AND WHEEL9 ~OUNTBD ON WING WITHOUT
NA~

Nonretractable typeso-Figure 9 presents the results
from teats of km~ gear A. At low V~UCS of hft
coei%cientthe drag due to the landing gear was reduced
considerably by the presence of an expanding Wet.
The term “expanding” refers to the fillet radius and
means that it increasesprogressively in the downstream
direction. In this instance the fillet started with nearly
zero radius at the maximum section of the landing-gear
fsiring and increased to about 4 inches at the trailing
edge of the ftig. The drag of the landing gear was
not critical to changes in lift coefficient when a fillet
w-aspresent.

The results from tests of landing gear B are given
in figure 10. It should be noted that this landing gear
had the lowest drag of any nonretractable gear tested.
Even though the oleo strut was small in comparison
to the faking used on landing gear A, the presence of

expanding fillets materially reduced the drag of the
landing gear.

The results from tests of landing gear C, which was a
half-fork type equipped with both low-pressure and
streamline wheels, are given in figure 11. For this
type of land& gear the drag was considerably lower
when streamline wheels were used. The presence of
the airfoil section adjacent to the wheel was thought to
be an important factor in obtaining the low drag.

Partly retractable types,-Figure 11 also shows the
results horn tests of landing gear D. As may be seen,
the only di.fTerencebetween landing geara C and D was
the lack of the streamlhe faking on the fork and oleo
strut of landing gear D. At a lift coefficient of 0,2
the drag was increased horn 6 to 17 pounds for the
30%-inch landing gear by remotig the strut and fork
fairings. It is noteworthy that the slopes of these
curves are much greater than for those of landing
gear C. The probable reason for this increase is the
increasingly disturbing effect of the oleo strut on
the flow over the wing with decreasing values of lift
coefficient. The same effect waa previously noted in
the case without fillet on landing gear A.

Values of drag due to landing gear D when partly
retracted into the wing by various amounts are shown
in iigure 12 for both streamline and low-pressure
wheels. The drag of the landing gear equipped with
stmrunline wheels ranges from 15 to 20 percent less
than for low-prwwre wheels, regardless of the amount J
the lading gear is retracted into the wing: Although
the landing-gear drag (with low-pressure wheels) is
reduced considerably by folding the wheel against the
wing, the wheel must be retracted at least one-fourth
into the wing before the drag bccomea less than that
for lamjing gear C and one-half before the drag becomes
less than for landing gear B.

From structural considerations it maybe undesirable
to retract the landing gear either fully or partly into
the wing. Figure 13 illustrates the results from tests
on lanQu gear D partly retracted into a streamline
fairirqg mounted on the lower surface of the wing.
The drag of the landing gear when folded against the
wing was reduced about 50 percent by the presence
of a streamline fairing behind the tire (gap open
between tire and fairing, see fig. 8) and was reduced
an addition~ 12 percent by closing the gap between the
wheel and the fair~~. Removing the oleo strut and
fork reduced the drag still further by about 20 percent.

With the landing gear one-half retracted into the
wing the presence of a fairing (gap open) behind
the portion of the wheel that remained in the air
stream reduced the drag approximately 60 percent.
(See figs. 12 and 13 for comparison.)

Still greater reductions in drag may be gained by
completely retracting the landing gear into a streamline
fairing (@. 14). The landing-gear fairing, with the
cap on, had less than half the drag of the landing genr
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partly retracted inta the fairing previously discussed.
Removal of the fairii cap, how-ever, increased the
drag about 66 percent at a lift coefficient of 0.2.

Wheels.-The results from tests of wheels at various
chordwise locations and with various degrew of retrac-
tion into the wing are given in figure 15. At low values
of the lift coefficient (0.2) the drag due to the wheel
increased rapidly as the wheel was moved toward
the leading edge. For higher values of the lift coeffi-
cient (0.4) the wheel location was less critical, with
the exception of the wheel one-fourth retracted. For
any chordwise location the drag due to the wheel
reduced rapidly with retraction.

Figure 16 shows the results from tests of both low-
prossure and streamline wheels in yaw. At a lift
coefficient of 0.2 the drag due to tlmlow-pressure wheel
when touching the wing at the 50 percent chord point
was increased about 10 percent due to 10° yaw and
about 55 percent due to 20° yaw. Although the
streamline wheel had less drag, the increased drag due
to yaw amounted to about 17 percent for 10° yaw and
about 75 percent for 200 yaw. With the low-pressure
wheel one-half retracted into the wing the increaaed
drag due to yaw amounted to about 30 percent for 10°
ynw and over 100 percent for 20° yaw.

LANDING GEARS AND WHEEIJ3 MOUNTED ON WING WITH
NACELLE

These tests were almost identical with the tests of
landing gems and wheels mounted on the wing with-
out nacelle and, in general, the results are about the
same, There are, however, a few interesting points.

Nonretraotable types,-Expanding fillets on landing
gear A (fig. 17) were not so effective at low valuea of the
lift caefficiont as they were without the nacelle. Evi-
dently the nacelle had the effect of preventing separa-
tion of flow at the intersection of gear and wing for
these negative angles of attack.

Increasing the sim of the expanding Mets used on
landing gear B (fig. 18) did not rdlect the drag, even
though the small fillets materially reduced the drag.

The streamline wheel, as well as the low-pressure
w~eel, ww used both on hind@ gears C and D (fig. 19).
The drag due to landing gear C was materially less
with the streamline wheel than with the low-pressure
wheel. When the streamline fairings had been re-
moved from the hti-fork and oleo strut (.lane@ gear
D), there was no apparent advantage, however, in tlm
streamline wheel.

Partly retraoted typas,-It appem from figure 20
that partly retracting landing gear D vertically into the
nacelle at its maximum cross section is undesirable
with respect to drag. At a lift coefficient of O.!?the
drag due to the landing gear when half the wheel was
retracted into the wing (leaving only slightly more
than the tire protruding out of the nacelle) was greater
than tho drag due ta landing gears A and B and almost

m high as for landing gear C. The drag of landing
gear D when partly retracted by this method was con-
siderably higher than when retracted by swinging the
wheel back into the wing (fig. 21).

The drag due to landing gear D enclosed in a stream-
hne f~~ (@. 22) was somewhat less with the namlle
in place than when tested on the wing without nacelle
(@. 14).

Wheels.-The results from tests of wheels in yaw
measured in the presence of the wing and nacelle (&~.
23) are almost identical with the results from tests of
wheels in presence of the wing without the nacelle.

Propeller characteristics.-The propeller character-
istics meaaured in the presence of the W@ and nacelle
alone and also in the presence of the nonretractable
landing gears A and B are given in figure 24. The
peak propulsive efficiency was reduced about 2.5 per-
cent by the presence of landing gear A, the reduction
being manifested by an increased power coefficient.
The propeller was less affected by the presence of land-
ing gear B, the propulsive efficiency being reduced
only about 1 percent.

The propeller characteristics measured in the pres-
ence of landing gear D in the land.@ position and also
one-fourth retracted into the wing are given in iigure
25. Both the thrust and power curves are somewhat
lower than those for the w-@ and nacelle alone through-
out the range for both attitudes of the landing gear.
The peak propulsive efficiency, however, was reduced
only about 1 percent for the landing gear in the partly
retracted position as well as for the landing gear of
30%-inch height in the landing position. For the land-
ing gear of 24Yiinch height in the landing position
the propulsive efficiency was reduced about 2 percent
for the climbing and high-speed range of V/nD.

EFFEmOF LANDING GEARS ON HIGH SPEED

Figure 46 of reference 1 may be found convenient
in computing the effects of the various types of land-
ing geara on the high speed of an airplane.

CONCLUSIONS

The resuhk of this investigation indicate the fol-
lowing:

1. In general, the presence of the engine nacelle did
not appreciably affect the drag due to the landing
gears.

2. The retractable landing gears were at least one-
half retracted into the wing or a fairing before the
drag became less than that due to the best nonre-
tractable landing gears.

3. Lane@ gears that were partly retracted into a
nacelle near the maximum section or partly retracted
into the wing near the leading edge had a much higher
drag than landing geara that were partly retracted
farther aft on the wing.
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4. Streamline wheels tied on retractable landin!g
gears had less drag than low-pressure wheels when the
kmding gear was partly retracted into the wing.

5. Landing gears that were partly or fully retracted
into stremdine fakings below the wiqg had, in general,
only slightly greater drag than landing gem that were
partly retracted into the wing or nacelle.

6. The peak propulsive efficiency wae reduced from
1 to 3 percent by the presence of the land@ gears
tested in conjunction with the propeller.

LANGLDY MEMORIAL AERONAUTICAL LABORATORY,

NATIONAL ADVISORY Co mmrrm FOR AERONAmm,

LANGLEY FIELD,VA.,June %’,1934.

REFERENCES

1. Herrnstein, William H., Jr., and Biermann, David: The
Drag of Airplane Wheels, wheel Fairings, and Landing
Goare-I. T. R. NO. 485,N. A. C. A., 1934.

2.Weick, Fred E,., and Wood, Donald H.: The Twenty-Foot
Propeller R=earch Tunnel of the National Advisory
Committee for Aeronautics. T. R. No. 300, N. A. C. A.,
1928.

3. Wood, Donald H.: Tests of Nacelle-Propeller Combinations
in Varioua Positions with Reference to Wiiga. Part I.
Thick Win~N. A. C. A. Cowled Nacelle-Tmotor
Propeller. T. R. No. 415, N. A. C. A., 1932.

4. U. S. Army Air Corps, Mat6riel DivSsion: Handbook of
Instructions for Airplane Designers. Vol. I, seventh
edition, November 1932, p. 309.

.


